A countrywide prospective study aimed at establishing the prevalence of the haemoglobinopathy genes in the Portuguese population was carried out by screening 15 208 randomly selected blood samples from young males. This male based survey provided the opportunity of assessing simultaneously the prevalence of the red cell enzyme glucose-6-phosphate dehydrogenase (G6PD) deficiency, thus giving a picture of these important hereditary anaemias in Portugal.
The first cases of Cooley's anaemia in Portugal were reported in 1938' and subsequently there have been many other reports of haemoglobin disorders among the Portuguese.2"5 More recently the common thalassaemia gene mutations and the known P3s haplotypes have been described in the Portuguese population.-'0 G6PD deficiency is usually also present where Hb disorders occur. 'Favism' is diagnosed occasionally throughout the country and the significance of the disorder was agreed at a recent meeting held in Albufeira in 1991. Despite these reports, the true prevalence of haemoglobin disorders and G6PD deficiency in Portugal and their importance for public health remained uncertain. Following a national meeting, a national haemoglobinopathy group was established, and with their help a large scale random study was carried out to answer these questions. Materials 
Results
The findings are summarised in the table. Among the 15 208 blood samples analysed for Hb disorders 045% showed I thalassaemia trait (95% confidence limits 045 ± 0011) and 0-32% showed sickle cell trait (95% confidence limits 032 ± 0089). The geographical distribution by administrative districts is shown in figs 1 and 2. The prevalence of both increases from the north (total prevalence less than 0 I %) towards the south (total prevalence more than 2% in three districts).
Less common structural variants of haemoglobin were also found, the most frequent being Hb D (n=9) and Hb J (n= 13). Their
Prevalence of both Hb disorders and G6PD deficiency by administrative district in Portugal. Migrants from Mediterranean areas settled predominantly in the south which, unlike the north, is level and offered better conditions for settlement, agriculture, fishing, and mining (fig 4) . In fact the four commonest Mediter- (%). ponds with the widespread areas of Portuguese settlement in Africa.910 Malaria was formerly frequent in the low valleys of the rivers Sado, Guadiana, and Tejo (fig 4) . This may have tended to maintain or increase the local frequency of ,3 thalassaemia, sickle cell, and G6PD deficiency genes.
Further studies are planned to identify the mutations in the G6PD deficient samples. Information on the proportion of Mediterranean and African mutations will cast further light on the origins of these conditions in Portugal.
This study has provided the scientific basis for a National Haemoglobinopathy Control Programme which is progressively involving the primary health care services in the most affected districts and specialised clinics in the relevant hospitals.
PUBLIC HEALTH IMPORTANCE
The Hardy-Weinberg equation" may be used to calculate the minimum frequency of homozygous births. However, the calculation is inaccurate since it cannot take account of irregularities of distribution. Applied to this survey and using the total figure for I thalas- The survey also omitted the specific gene contribution of immigrants from former Portuguese colonies in Africa, particularly from the Cabo Verde islands, 7% of whom carry sickle cell trait. In a recently organised national register of sickle cell patients 61-9% are African in origin.
Even without considering special populations at risk, the survey indicates the existence of between 73 795 and 76528 carriers of , thalassaemia or AS in Portugal (table). These are significant figures since these genes can interact to produce severe genetic disease and also carry risks in themselves. 1 thalassaemia trait carries an important risk of misdiagnosis as iron deficiency anaemia, followed by inappropriate iron therapy, while sickle cell trait carries some anaesthetic risks and risks associated with endurance exercises (particularly in the armed forces) and must be excluded in pilots. G6PD deficiency also carries risks associated with certain drugs, particularly antimalarials.
PROGRAMME FOR CONTROL OF HEREDITARY ANAEMIAS
Progressive understanding of these facts is making people aware of the need for a programme for hereditary anaemias in Portugal. A programme for the control of both the Hb disorders and G6PD deficiency, following WHO guidelines,"6 is now being implemented in seven districts (fig 5) . In each district there is a group responsible for coordination and an appropriate strategy for prevention (carrier screening, information, and genetic counselling).
This programme is based on the government health centres which serve the whole population, and the national network of district Public Health Laboratories, all of which participate in the National External Quality Assessment Scheme in Haematology.
Blood G6PD deficient subjects are given a special leaflet. They are advised not to ingest the foodstuffs and medicines listed in order to avoid a haemolytic crisis.
In every district data are collected to improve knowledge of the epidemiology of hereditary anaemias in Portugal, to find carrier 'hot spots', and to identify couples at risk.
The control programme also includes treatment of patients. Most patients attend central specialist centres in relevant hospitals in Lisbon, Coimbra, and Oporto which follow WHO guidelines,'7 providing adequate blood, desferrioxamine, and desferrioxamine infusion pumps. In Faro and Beja most patients are treated in the local hospitals and in Beja psychological and social support is also being organised. A parents' association has started at a national level.
We believe that this programme of screening and counselling, based in the primary care system, will provide a structural basis for other genetic programmes, for example, for cystic fibrosis, in the future.
The people involved at the national and district level in the Haemoglobinopathy Con 
